
ROOF PONDS 	

A	Hea&ng	and	Cooling	
Applica&on	through		

Thermal	Mass		
Storage	

	



ROOF POND: Definition

An	indirect	gain		
hea&ng	and	cooling	system	
where	the	thermal	mass,		
which	is	water	in	plas&c	bags,		
is	located	on	the	roof	of	the	
space	which	is	being	heated	
and/or	cooled.		
	



ROOF POND: Definition

Water		

Water	as	Thermal	mass		
	1.	Absorbs			
	2.	Transfers	

Indirect	Gain	Method	from	Solar	Radia&on	





Why	Water	?		

Temperature	regula&on/thermal	comfort	

Best	conductor	of	heat	for	high	mass	building	
materials	

Weigh	less	than	most	substances	used	for	mass	

The	amount	of	heat	that	can	be	stored	per	unit	



The	best	measurement	of	a	substance	ability	to	transmit	heat	away	
from	its	surface	and	distribute	heat	itself.		



The	roofpond	system:	defined	as	a	
passive	solar	radia,on	system.	
	
Since	it	usually	consists	of	motorized	
retractable	insula&on	panels	it	is	
best	defined	as	a	hybrid	system.	
	
(It	can	be	interac&ve:	manual	when	
home	and	motorized	when	gone)	
	

ROOF POND



Harold	R.	Hay,	inventor	of	the	
roofpond	system,	originally	
patented	the	roofpond	as	the	
SkythermTM	system.		

ROOF POND: Inventor



Plowboy	Interview:	Harold	R.	Hay	Talks	About	
Solar	Energy	
	
Hay	shares	his	thoughts	on	solar	energy,	passive	cooling,	
movable	insula,on	and	much	more	in	this	Plowboy	
Interview.	
	
By	the	Mother	Earth	News	editors		
September/October	1976	



Southwest	 North	

There	are	two	dis&nct	roofpond	systems:		



Southwest	 North	

Hea&ng	Applica&on	
Roofpond	systems:	Hea&ng	Mode	



Southwest	 North	



North	Southwest	

As	the	water	mass	con&nues	to	absorb	heat,	some	heat	is	radiated	to	the	interior	 As	the	water	mass	con&nues	to	absorb	heat,	some	heat	is	radiated	to	the	interior	



Southwest	 North	



Southwest	 North	



Southwest	 North	

Roofpond	systems:	Cooling	Mode	



Southwest	 North	

Cooling	Applica&on	



Southwest	 North	



Southwest	 North	



Southwest	 North	



Southwest	 North	



10’	x	12’		120	Sq.	Ft.		
Aggregate	Lightweight	Concrete	Block	Walls/Vermiculite	Filled	
External	1.5”	Rigid	Polyurethane	Insula&on	on	the	East	and	West	Walls	
External	insula&on	on	north	and	south	founda&ons	and	4”	thick	concrete	floor	slab	
4’	x	8’	panels	1.5”	thick	polyurethane	movable	insula&on		
South	side	overhang	Carport	for	movable	roobop			
12’x12’	Window	on	North	and	South	Walls	
Entry	door	on	South	Wall	
6”-7”	thick	water	filled	bags	on	supported	26	gauge	steel	sheets		

ROOF POND: Case Study 11967	Phoenix	Prototype	Test	Structure	



1967	Phoenix	Prototype	Test	Structure	

Roofpond	inventor,	Harold	R.	Hay,	1967.	
Image	courtesy	of	the	Natural	Energies	Advanced	Technology	Laboratory	at	the	University	of	Nevada,	
Las	Vegas 		



One	day	processed	data	measured:		
Phoenix	prototype	test	building,	August	23		



Image	courtesy	of	the	Natural	Energies	Advanced	Technology	Laboratory	at	the	University	of	Nevada,	Las	Vegas 		

ROOF POND: Case Study 1

Yearly	processed	data	measured	from	the	
Phoenix	prototype	test	building. 		



SkyTherm	
In	1973	they	built	a	1100	sq.	b.	second	house	in	Atascadero,	CA	



Image	courtesy	of	the	Natural	Energies	Advanced	Technology	Laboratory	at	the	University	of	Nevada,	Las	Vegas 		



Image	courtesy	of	the	Natural	Energies	Advanced	Technology	Laboratory	at	the	University	of	Nevada,	Las	Vegas 		



It’s	been	hea&ng	and	cooling	
without	electricity	for	the	past	40	
years	now.	
		
Its	only	recogni&on	was	the	1976	
Bicentennial	awards	for	the	
categories	of	environmental	and	
solar	energy.	
	





The	Energy	Technology	Engineering	
Center	report	contracted	by	the	US	
DOE	conclusion:	
	
“A	well-designed	roofpond	can	maintain	
comfortable	indoor	ambient	air	
temperatures	in	climates	with	an	outdoor	
temperature	range	between	32°F	and	
115°F	(Marlaj	1984)”	



What	about	northern	climates	that	
get	below	32°F	?	

CONTINUED	RESEACH		
Alfredo	Fernandez-Gonzalez,	Director	
School	of	Architecture,		
University	of	Nevada,	Las	Vegas.		



is overcast, and rainfall is distributed quite evenly through-
out the year. Table 1 shows the Climate Normals for Mun-
cie, IN (NOAA, 1985).

2.2. Research methods and experiment setup

The research method used in this project was an exper-
imental side-by-side comparison between a control test-cell
(CC) and five passive solar test-cells, namely Direct Gain
(DG), Trombe-wall (TW), Water-wall (WW), Sunspace
(SS), and Roofpond (RP). The equipment used to monitor

the test-cells was calibrated prior to the beginning of the
experiments in a controlled environment to ensure that
all measurements were accurate. In addition, all the test-
cells feature the same construction materials and methods
(i.e. wood frame construction, the most widely used con-
struction method in residential construction in the United
States) and have the same thermal insulation properties.
All the test-cells have an interior floor area of 11.9 m2

(4.88 m by 2.44 m) with the smaller sides facing north
and south (see Figs. 1 and 2). From the point of view of
passive solar design, it would have been better to have

Table 1
Climate normals for Muncie, Indiana

City Muncie
State IN
Lat 40.13N
Long 85.25W
Elevation 286.5 m above seal level

January February March April May June July August September October November December Annual

Minimum
temperature (!C)

!8.8 !7.0 !1.6 4.1 10.7 15.7 17.8 16.6 12.1 5.5 0.3 !5.6 5.0

Maximum
temperature (!C)

0.5 3.1 9.1 15.9 22.1 27.2 29.4 28.2 24.6 17.9 10.0 3.4 15.9

Mean temperature
(!C)

!4.2 !1.9 3.8 10.0 16.4 21.4 23.6 22.4 18.3 11.7 5.2 !1.1 10.4

Precipitation (cm) 5.2 5.7 7.9 9.1 10.6 10.9 10.1 8.9 7.6 6.7 8.6 7.7 98.9
HDD base 18.3 !C 698 568 452 252 102 12 1 7 47 210 395 602 3346
CDD base 18.3 !C 0 0 0 2 41 106 164 132 47 6 0 0 498

Fig. 1. South view of the five passive solar test-cells (from the left): Direct Gain (DG), Trombe-wall (TW), Water-wall (WW), Sunspace (SS), and
Roofpond (RP).

A. Fernández-González / Solar Energy 81 (2007) 581–593 583

“Analysis	of	the	thermal	performance	
and	comfort	condi,ons	produced	by	
five	different	passive	solar	hea,ng	
strategies	in	the	United	States	
midwest.”	
Solar	Energy,	May	2007	
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Outdoor	Design	Condi&ons	Comparison:	Basis	66.2Fo	

Minneapolis,	Minnesota	
	HHD	 	7981	
	CCD	 			824	

	



the larger facades face north and south in order to increase
the solar collector area of the test-cells (with a subsequent
increase of the thermal storage capacity) and to reduce the
overall thermal transmittance of the building envelope
using different construction assemblies. However, the main
goal of this project is to identify any potential barriers to
achieving thermal comfort when passive solar heating sys-

tems are employed in severe winter climates with predom-
inant overcast sky conditions. Therefore, given the intent
of the project, it made more sense to challenge the passive
solar system’s performance by designing a less than ideal
configuration. During the second phase of this research
project, not reported in this article, the test-cells were mod-
ified to improve their performance as a result of the obser-

Fig. 2. Basic floor plan and longitudinal sections of each one of the test-cells.
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vations done during the 2002–2003 heating season. In addi-
tion, the design of the test-cells successfully addressed the
spatial limitations of the test site (see Fig. 1). Table 2 pre-
sents a summary of the passive solar features and thermal
properties of each of the strategies studied in this project,
and Table 3 shows some basic performance indicators.

The test-cells were instrumented using a four-point grid
to detect simultaneous variations of the Operative Temper-

ature across the floor area of the test-cells (see Fig. 3). Each
of the four-points instrumented within each of the test-cells
had four sensors (two internal and two external) connected
to a HOBO H-8 RH/Temperature 2· data logger (see
Fig. 4). The two internal sensors were used to measure
the air temperature and the relative humidity, respectively,
while the two external sensors were used to measure the
mean radiant temperature (using a black globe) and the

Table 2
Passive solar features specific to each strategy

CC DG TW WW SS RP

Floor area (m2) 11.91 11.91 11.91 11.91 11.91 11.91
UA total (W/!C) 28.74 35.47 34.93 34.75 45.54 Day 44.09 Night 29.93
Measured ACH 0.68 0.85 0.81 0.86 0.67 0.91
Solar collector area (m2) – 4.28 4.28 4.28 6.05 4.47
Thermal storage capacity (kJ/!C) 569.57 1786.17 1728.84 4909.57 1517.80 9629.80

Table 3
performance indicators of each strategy

CC DG TW WW SS RP

Average diurnal swing (!C) 2.26 7.80 3.32 4.99 5.28 1.24
Maximum diurnal swing (!C) 2.41 10.27 3.79 5.94 5.74 1.44
Average simultaneous north–south variation (!C) 0.07 2.89 0.45 0.98 0.32 0.11
Maximum simultaneous north–south variation (!C) 0.15 3.68 0.52 1.22 0.50 0.20

Fig. 3. Four-point grid used to monitor the indoor environmental conditions of the test-cells.
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acceptable for achieving thermal comfort. It is interesting to
notice that the Roofpond, an indirect gain strategy having
the highest thermal storage capacity, displayed an even smal-
ler diurnal temperature swing (see Figs. 5 and 11).

The simultaneous variations in the operative tempera-
ture between the south side and the north side of the CC
were almost negligible, with average and maximum varia-
tions of 0.07 !C and 0.15 !C, respectively.

Fig. 5. Maximum and minimum extreme and average outdoor dry-bulb air temperature and operative temperatures inside the passive solar and control
test-cells.
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Control	test-cells	show	low	diurnal	swings	in	the	roof	
pond	test	cell.	This	should	be	a	pre-requisite	to	achieving	
thermal	comfort.	

CC/Control	Cell,	DG/	Direct	Gain,	TW/Trombe	Wall,	WW/	Water	Wall,	SS/Sun	Space,	RP/Roof	Pond		



RoofPond	North		
with	movable	insula&on		

	
Achieving	op&mal	thermal	comfort	
from	a	passive	solar	strategy	using	
the	most	effec&ve	method	in	a	
northern	climate.	
	



RoofPond	North	with	movable	insula&on	
Inver	Grove	Heights,	MN	

1979			



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

PRODUCED BY AN AUTODESK STUDENT PRODUCT
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24”	6mil	Clear	
Water	Bags	

Conduc&ve	
Floor/Ceiling	

Conduc&ve	
Supports	

Retractable	Insula&on	
Reflec&ve	
Insula&on	Black	30mil.		

Poly	Liner	

Solar	
Radia&on	
Access	

Concrete/
mass	floor	



Brainerd,	Minnesota 	 	46˚21’29”N	94˚12’03”W	
	 	HDD65˚F 	 	 	 	 	 	 	 	8600	
	 	CDD65˚F 	 	 	 	 	 	 	 			512	 	 	 		
	 	Winter	Dry	Bulb	˚F 	 	 	 			 		-20˚F	
	 	Summer	Dry	Bulb 	 	 	 								86˚F	
	 	Summer	Wet	Bulb 	 	 	 								71˚F	
	 	Mean	Daily	Range	(˚F)	 	 								19˚F	

Case	study:	Roof	Pond	North,	
	2014	



RP_performance	sobware	
December	comparison		



RP_performance	sobware	
August	comparison		



			Slab	+	24”	of	water	without	PV	
	HERS	 									 	 	 	 	 											 		 	3	
	No	hea&ng	needed	 	 	 	 	 	8326	HDD	
	Hea&ng	needed	 												 	 	 			434	HHD	
	KwH	Used	for	heat	 	 														 			609	yr/$66	

hjp://www.energy-design-tools.aud.ucla.edu/heed/	

HEED:	Home	Energy	Efficient	Design	
Free	SoBware		



Harold	Hay	may	have	been	the	
obstacle	for	this	technology	not	
moving	forward,	and,	from	what	I	
understand,	the	reason	there	are	
few	houses	with	this	system,	even	
though	it	is	simple	and	prac&cal	
	

SkythermTM	



ROOF POND: Case Study 1

	
Because	of	its	tested	success,	
mul&ple	roofpond	structures	are	
s&ll	being	tested	in	diverse	loca&ons	
around	the	US	and	the	world,	
par&ally	due	to	resistance	to	the	
concept.	



Historically,	roofpond	applica&ons	
have	proved	to	be	viable	low-cost	
solu&ons	for	both	hea&ng	and	
cooling	in	a	wide	variety	of	
climate	regions.		



A	Word	about	Movable	Insula&on		

Ef fect of  Window Insulation 
on Total  Heating Demand

in arctic dwellings

Windows are an important part of the building 
envelope. They provide buildings and occupants 
with daylight, views, and (when correctly designed) 
allow solar energy to enter the building and thereby 
ƌĞĚƵĐĞ� ƚŚĞ� ŚĞĂƟŶŐ� ĚĞŵĂŶĚ͘� tŝŶĚŽǁƐ� ĐĂŶ� ĂůƐŽ�
ƉƌŽǀŝĚĞ� ďƵŝůĚŝŶŐƐ� ǁŝƚŚ� ƉĂƐƐŝǀĞ� ǀĞŶƟůĂƟŽŶ� ŝŶ� ƚŚĞ�
ƐƵŵŵĞƌ͕ � ĂůƚŚŽƵŐŚ�ĚƵƌŝŶŐ� ƚŚĞ�ŚĞĂƟŶŐ� ƐĞĂƐŽŶ�ŵŽƌĞ�
advanced mechanical systems with heat recovery 
ĂƌĞ� ƌĞĐŽŵŵĞŶĚĞĚ� ĨŽƌ� ďĞƩĞƌ� ĞŶĞƌŐǇ� ƉĞƌĨŽƌŵĂŶĐĞ͘�
�ĞĐĂƵƐĞ�ǁŝŶĚŽǁƐ� ŚĂǀĞ� ŝŶĨĞƌŝŽƌ� ƚŚĞƌŵĂů� ƉƌŽƉĞƌƟĞƐ�
than walls, they are a large contributor to a building 
ĞŶǀĞůŽƉĞ Ɛ͛� ŽǀĞƌĂůů� ŚĞĂƚ� ůŽƐƐ͕� ĞƐƉĞĐŝĂůůǇ� ŝŶ� ĂƌĐƟĐ�
regions with extremely cold temperatures and long 
periods without sun. To reduce heat loss through 
ǁŝŶĚŽǁƐ͕�ƐĞǀĞƌĂů�ŵĞƚŚŽĚƐ�ŚĂǀĞ�ďĞĞŶ�ŝĚĞŶƟĮĞĚ�ĂŶĚ�
evaluated in a previous study performed by CCHRC, 
�ǀĂůƵĂƟŶŐ�tŝŶĚŽǁ�/ŶƐƵůĂƟŽŶ�ĨŽƌ��ŽůĚ��ůŝŵĂƚĞƐ. 

��ĨŽůůŽǁƵƉ�ƐƚƵĚǇ�ǁĂƐ�ĐŽŶĚƵĐƚĞĚ�ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ�ĞīĞĐƚƐ�
ŽĨ� ĂĚĚŝŶŐ� ǁŝŶĚŽǁ� ŝŶƐƵůĂƟŽŶ� ƚŽ� ĚŝīĞƌĞŶƚ� ƚǇƉĞƐ� ŽĨ�
ǁŝŶĚŽǁƐ�ŽŶ�ƚŚĞ�ĂŶŶƵĂů�ŚĞĂƟŶŐ�ĚĞŵĂŶĚ�ĂŶĚ�ƚŚĞƌŵĂů�
environment of buildings. This followup study was 
ƉĞƌĨŽƌŵĞĚ�ƵƐŝŶŐ�Ă� ĐŽŵƉƵƚĂƟŽŶĂů� ƐŝŵƵůĂƟŽŶ�ĐĂůůĞĚ�
IDA ICE. In the study, the average house was modeled 
ďĂƐĞĚ�ŽŶ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ĨƌŽŵ�ŚŽƵƐĞƐ�ďƵŝůƚ�ďĞƚǁĞĞŶ�
2006 and 2012 that meet the Alaska Housing Finance 
�ŽƌƉŽƌĂƟŽŶ Ɛ͛� �ƵŝůĚŝŶŐ� �ŶĞƌŐǇ� �ĸĐŝĞŶĐǇ� ^ƚĂŶĚĂƌĚ�
;���^Ϳ�ƌĞƋƵŝƌĞŵĞŶƚƐ�ĨŽƌ��ůŝŵĂƚĞ��ŽŶĞ�ϴ�ʹ�^ƵďĂƌĐƟĐ�
;ǁŚŝĐŚ� ŝŶĐůƵĚĞƐ� &ĂŝƌďĂŶŬƐͿ͘��ŝīĞƌĞŶƚ�ǁŝŶĚŽǁ� ƚǇƉĞƐ�
ĂŶĚ� ǀĂƌŝŽƵƐ� ŝŶƐƵůĂƟŽŶ� ŵĞƚŚŽĚƐ� ǁĞƌĞ� ƐŝŵƵůĂƚĞĚ͘��
This report presents the results of the study. Consult 
ƚŚĞ�ŽƌŝŐŝŶĂů�ƐƚƵĚǇ�ĨŽƌ�ŵŽƌĞ�ďĂĐŬŐƌŽƵŶĚ�ŝŶĨŽƌŵĂƟŽŶ͘

DŽĚĞů�ĚĞƐĐƌŝƉƟŽŶ
The model simulates the average house as closely as 
possible (see Table 2 for details). The modeled house 
ƐŚŽǁŶ�ŝŶ�&ŝŐƵƌĞ�ϭ�ĐŽŶƐŝƐƚƐ�ŽĨ�ƚǁŽ�ǌŽŶĞƐ�Ͳ�ŐƌŽƵŶĚ�ŇŽŽƌ�
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ǀĞŶƟůĂƚĞĚ�ďǇ�Ă�ŚĞĂƚ�ƌĞĐŽǀĞƌǇ�ǀĞŶƟůĂƚŽƌ�;,ZsͿ�ǁŝƚŚ�Ă�
ϳϬй�ĞĸĐŝĞŶĐǇ͘�dŚĞ�ǀĞŶƟůĂƟŽŶ�ƵŶŝƚ�ĂůƐŽ�ŚĂƐ�Ă�ďǇͲƉĂƐƐ�
ƚŚĂƚ�ĂĐƟǀĂƚĞƐ�ǁŚĞŶ�ƚŚĞ�ŝŶĚŽŽƌ�ƚĞŵƉĞƌĂƚƵƌĞ�ĞǆĐĞĞĚƐ�

Figure 1. Model of the average house in Climate Zone 8.

Figure 2. Exterior shutters were one of eight types of 
window insulation tested in the original study for energy 
performance, condensation resistance, and other criteria.

by Martin Kotol, PhD Candidate, Research Fellow
Cold Climate Housing Research Center
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2.	hjps://www.youtube.com/
watch?v=Xen_VWyDezY	

1.	hjps://www.youtube.com/
watch?v=MroKo-598T0	
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WINDOW	U	VALUES	 U	=	0.20	 U	=	0.28	 U	=	0.48	

	
	
	
	

Another	Word	about	Movable	Insula&on	



MOVABLE	INSULATION	
Completely	open	
	



MOVABLE	INSULATION	
Completely	closed	
	



MOVABLE	INSULATION:	Completely	open		
Winter	applica?on	South	side	closed	during	the	night,	any?me	
when	occupant	is	gone,	and	if	there	is	not	any	solar	radia?on	
(sunlight)	to	be	gained	during	the	day	if	so	desired.	
	
	



MOVABLE	INSULATION:	Completely	closed		
Winter	applica?on	South	side	closed	during	the	night,	any?me	
when	occupant	is	gone,	and	if	there	is	not	any	solar	radia?on	
(sunlight)	to	be	gained	during	the	day	if	so	desired.	
	
	



More	Words	about	Movable	Insula&on	



Roofponds	and	Exterior	moveable	insula&on	
need	to	be	looked	to	as	effec&ve	passive	solar	
strategies,	which	will	strongly	contribute	to	
energy	demand	reduc&on	in	the	building	
sector	from	now	and	into	the	future.		
	
As	more	people	learn	and	experience	the	
concept,	sooner	or	later,	these	systems	can	
grow	into	a	viable	and	highly	desirable	op&on	
for	reducing	hea&ng	and	cooling	loads.			
	
We	need	to	invest	and	move	forward	real	
living	situa&ons	in	which	to	show	not	only	the	
value,	but	also	the	importance.		



COMFORT	AND	THERMAL	PERFORMANCE	OF	PASSIVE	SOLAR	TEST	ROOMS	IN	MUNCIE,	
INDIANA.	
Alfredo	Fernández-González	
School	of	Architecture,	University	of	Nevada,	Las	Vegas	Las	Vegas,	NV	89154-4018	

hjp://web.unlv.edu/labs/neatl/documents/2004_ASES_AFG_1.pdf	
	
RP_PERFORMANCE:	A	DESIGN	TOOL	TO	SIMULATE	THE	THERMAL	PERFORMANCE	OF	
SKYTHERM	NORTH	ROOFPOND	SYSTEMS		
Alfredo	Fernández-González	
School	of	Architecture,	University	of	Nevada,	Las	Vegas	Las	Vegas,	NV	89154-4018	
hjp://web.unlv.edu/labs/neatl/documents/2004_ASES_AFG_2.pdf		


